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We demonstrate that the recent measurement of the cross section line shapes of e+e− → χc0ω
can be naturally explained by the molecular picture for Y (4260) where the Y (4260) is treated as a
hadronic molecule dominated by D¯D1(2420)+c.c. This result is consistent with properties extracted
for Y (4260) as the D¯D1(2420) + c.c. molecular state in other reactions such as e
+e− → J/ψpipi,
hcpipi, D¯D
∗pi + c.c., and γX(3872).
PACS numbers: 14.40.Rt, 14.40.Pq
I. INTRODUCTION
Ever since its discovery in 2005 by BABAR Collaboration [1] the true nature of Y (4260) has attracted a lot of
attention from the hadron physics community. Its mass, MY = (4251± 9) MeV, was first extracted from the J/ψππ
invariant mass spectrum by BABAR with a width of Γ = (120 ± 12) MeV [1]. With the relatively well-established
quark model states ψ(2D) and ψ(4S) as successive states in the energy levels for the vector charmonium spectrum,
the presence of Y (4260) between those two states have indicated some unusual origin and raised questions about the
underlying dynamics. The other surprising feature of Y (4260) is its “absence” from the open charm decay channels,
such as DD¯, DD¯∗ + c.c. and D∗D¯∗. Namely, there are no obvious peak structures around the Y (4260) mass region
in e+e− annihilations into open charm final states.
Following these observations there have been various theoretical interpretations for the nature of Y (4260) in the
literature. In Refs. [2–4], Y (4260) was proposed to be the charmonium hybrid candidate in the vector sector if its
decay would be dominated by the J/ψππ channel. Another interesting feature is that the Lattice QCD simulations
favor a charmonium hybrid located in this region. However, more experimental measurements [5] impose challenging
questions on this scenario [6]. Voloshin et al. proposed the hadro-quarkonium picture trying to understand the peculiar
decay behavior of Y (4260) [7, 8]. Tetraquark solutions were also studied in the literature taking into account diquark
correlations [9]. In Refs. [10, 11] Y (4260) was assigned to be the conventional charmonium state ψ(4S). In Refs. [12–
14] the coupled-channel effects in the charmonium spectrum were proposed as an explanation for the observed peaks
that cannot be assigned to conventional charmonia. It was also proposed that Y (4260) could be hadronic molecules
composed of D¯D1(2420) + c.c. [15, 16], χc0ω [17], or J/ψKK¯ [18]. Among these molecular solutions it is difficult
to accommodate the J/ψKK¯ picture within the updated experimental measurements in various processes, while
D¯D1(2420)+ c.c. and χc0ω bound state interpretations are attractive to be confronted by experimental data for both
hidden charm decay channels, i.e. e+e− → J/ψππ, hcππ, χc0ω, or open charm decays into DD¯∗π + c.c.
Amid the growing interest the recent Lattice QCD (LQCD) simulations make the interpretation of Y (4260) a
nontrivial task. The TWQCD Collaboration [19] finds a resonance with mass around (4.238 ± 0.031) GeV for the
molecular operator which can be identified as the Y (4260) state while the hybrid operator leads to much higher
masses above 4.2 GeV. In contrast, two other LQCD groups find quite different results. The Hadron Spectrum
Collaboration [20] calculates the charmonium spectrum at the pion mass of 400 MeV and obtains the lightest vector
charmonium hybrid around 4.2 GeV which can be possibly related to Y (4260) as a vector hybrid meson. Chen et
al. [21] also see a charmonium hybrid vector with a mass of (4.33 ± 0.02) GeV. Note that in Refs. [20, 21] the large
operator overlapping comes from the configuration that the c¯c component has JPC = 0−+ and the gluon field with
JPC = 1+−. It implies the leading suppression of the hybrid production in e+e− annihilations in the HQSS limit.
The leptonic decay width of the hybrid vector is estimated to be narrow [4], and the estimate of LQCD is about 40
eV [21] as a feature of the hybrid scenario.
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2Triggered by the recent observation of charged charmonium candidates Zc(3900) and Zc(4020) by BESIII, in a series
of recent works [22–26] it was demonstrated that the present experimental measurements provide strong evidences
for the Y (4260) being a D¯D1(2420) + c.c. molecular state. The interpretation agrees with the current data for the
decay channels Y (4260) → J/ψππ, Y (4260) → hcππ and, crucially, D¯D∗π + c.c. The latter channel is expected to
contribute to a large branching fraction for Y (4260). However due to the dynamics involved in the open threshold
regime, a clear, Breit-Wigner-like cross section line shape is not expected. This phenomenon is taken as a support of
the hadronic molecule scenario [24, 25] and turns out to be coincide with the experimental measurement of Belle [27].
It should be noted that so far none of those observed enhancement structures in the mass region of Y (4260) appears to
be consistent with a single Breit-Wigner distribution. However, this is exactly what should happen in the molecular
picture. The cross section lineshapes in exclusive channels can be very different due to the near-threshold interactions,
while the pole position of the state keeps the same in all the channels. Because of this, it could be very misleading to
interpret these structures as “different states” when a strongly coupled S-wave threshold is present.
The new experimental data provided by the BESIII Collaboration [28, 29] allow the existing interpretations of the
Y (4260) structure to be tested in the decay channel of χcJω. The data show a resonance-like structure with a peak
position at 4.220 MeV in χc0ω with the absence of the same structure in χc1,c2ω. There are several ideas of how to
treat this new structure. Li and Voloshin [30] explain the process through the known resonance Y (4160). Faccini et
al. [31] interpret the structure in the χc0ω channel using Breit-Wigner functions and masses for a tetraquark state
determined in Ref. [32] to describe the data.
In this work, we continue to explore the consequence of the D¯D1(2420)+c.c.molecular scenario from Refs. [22, 24, 25]
in the e+e− → ωχcJ channel. The idea is to understand the relation between the D¯D1(2420)+c.c. and χc0ω thresholds
and their impact on the cross section line shape of e+e− → ωχcJ . We try to constrain the inevitable new parameters
and make predictions based on the D¯D1(2420) + c.c. molecular scenario. This should be a challenging test of what
we learned about Y (4260) in other channels.
This work is structured as follows: In Sec. II we will present cornerstones of the previous studies of Y (4260) in the
molecular interpretation together with the interactions of the charmed mesons that drive the decay in this picture.
Section III contains the results for the line shape as well the estimate of the branching fraction. A brief summary is
given in Sec. IV.
II. FRAMEWORK
In the picture of D¯D1 (from here on we will use the short-handed notation D¯D1 for D¯D1(2420) + c.c.) molecular
state for Y (4260), the Lagrangian for the Y (4260) couplings to D¯D1 is expressed as the following [22, 24, 25]:
LY = y
bare
√
2
(D¯†aY
iDi†1a − D¯i†1aY iD†a) + gc[(Di1aD¯a)†(Di1bD¯b) + (DaD¯i1a)†(DbD¯i1b)] +H.c.,
where ybare stands for the bare coupling between the bare Y (4260) state and D¯D1 while gc describes the non-
resonant contact interaction for D¯D1 → D¯D1. The bare Y (4260) is then dressed by the D¯D1 rescatterings. The
detailed deductions are referred to Refs. [22, 24, 25]. In the following we will only present the results relevant for the
calculations presented here. The dressed non-relativistic propagator of the Y (4260) can be expressed as
GY (E) = 1
2mY
iZ
E −mY − ZΣ˜1(E) + iΓnon−D¯D1/2
, (1)
where mY is the renormalized mass of Y (4260) and Γ
non−D¯D1 accounts for contributions from decay channels other
than the D¯D1 [24, 25]. Both are fitted to experimental data for the cross section lineshapes of e
+e− → J/ψππ and
hcππ and found to be mY = 4.217 ± 0.002 GeV and Γnon−D¯D1 = 0.056 ± 0.003 GeV [25]. The self-energy stems
from the sum of the infinite bubble loops in the D¯D1 rescatterings. Using dimensional regularization with the MS
subtraction scheme, one finds
Σ˜1(E) = Σ1(E)− Re(Σ1(mY ))− (E −mY )Re(Σ′1(mY )), (2)
with
Σ1(E) ≡ ΣD¯D1(E)((ybare)2 − 4(E −m0)g1), (3)
and
ΣD¯D1(E) ≡
µ
8π
√
2µ(mD +mD1 − E)− iµΓD1 , (4)
3e+
e−
γ Y (4260)
D1
D
D¯ χc0
ω
FIG. 1: The Feynman diagram for the leading loop transition for e+e− → Y (4260) → χc0ω.
where µ = mDmD1/(mD +mD1) is the reduced mass. The bare couplings in Eq. (1) get renormalized to the effective
coupling
yeff ≡
√
Zybare = (3.94± 0.04) GeV−1/2, (5)
and gc = (29.50 ± 0.47) GeV−2 is determined by the fitting. The same renormalization constant Z can be used to
obtain the physical coupling of the Y (4260) to a photon
LY γ = em
2
Y
fY
YµA
µ. (6)
The physical coupling was determined as 1
feff
Y
≤
√
Z 1fY = 0.023± 0.004 by Ref. [24].
We use the well-established method of vector meson dominance (VMD) to estimate the coupling of the light vector
meson ω to the charmed meson multiplets. Comprehensive studies and review of the VMD can be found in Refs. [33, 38]
and references therein. The relevant Lagrangian that couples the charmed and their anti-charmed partners to the ω
meson in the non-relativistic effective field theory (NREFT) is given by
LTHω = cω
2
〈
T ibH
†
a − T¯ ibH¯†a
〉
ωiab , (7)
where the charmed meson fields Ha for the pseudoscalar and vector meson spin doublets are
Ha = Va · σ + Pa , (8)
and the D1 and its spin partner D2 in the HQSS limit are expressed as
T ia = D
ij
2aσ
j +
√
2/3Di1a + i
√
1/6εijkDj1aσ
k . (9)
The coupling in Eq. (7) can be determined as cω = 1.62± 0.01. A more detailed derivation can be found in App. A.
Finally, the coupling of charmed mesons to P -wave charmonia reads
Lχ = i g1
2
〈
χ†iHaσ
iH¯a
〉
+H.c.. (10)
In a recent work [34] the radiative decays of vector charmonia to χcJ were studied and the coupling g1 was determined
as g1 = (4.99± 0.92) GeV−1/2 and agreed with previous calculations using QCD sum rules.
III. RESULTS AND DISCUSSIONS
The matrix element for the process e+e− → χc0ω as shown in Fig. 1 reads
M = v¯(p1)(−ieγµ)u(p2) i
E2
iem2Y
f2Y
GY (E)(−
√
8)g1gY cωI0√mYmχεi(ω) (11)
where I0 = I0(mD1 ,mD,mD;E,mχc0 ,mω) is the scalar three-point loop as derived in Ref. [26].
In principle, all couplings in this matrix element are known, although in all cases they come with sizable uncer-
tainties. In order to compromise the uncertainties arising from the couplings, we choose to fix the couplings using
their central values and at the same time introduce a dimensionless overall constant C to measure the overall devia-
tions of the calculation compared with the experimental data. Namely, only parameter C will be fixed by fitting the
experimental data.
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FIG. 2: Different contributions to Y (4260) → χcJω.
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FIG. 3: Cross section lineshapes fitted to the BESIII experimental data [28]. The upper band (blue) only fits the first seven
points, while the lower band (brown) uses all data.
In the framework of NREFT we expect that higher loop contributions are relatively suppressed in comparison with
the one-loop amplitude. Following the power counting scheme of Ref. [39] and assuming that the contact term for
Y (4260) → χcJω scales as O(1) we estimate that the loop amplitude of Fig. 1 scales as v5(v−2)3 ∼ v−1. With
v ∼ 0.1 the loop contribution will be enhanced compared to the contact term. In Figs. 2 (c) and (d) the higher loops
that include an internal light meson line, e.g. a pion exchange, scale as (v5)2(v−2)6v2v2 ∼ v2 and will be strongly
suppressed. In contrast, the amplitude of Fig. 2 (e) scales as (v5)2(v−2)6v2 ∼ 1 which can be absorbed into the
redefinition of the contact term coupling. Thus, we only consider the triangle loop in the calculation as a reasonable
estimate of the transition rate for Y (4260)→ χcJω.
Before we proceed to the numerical results, it is interesting to have a closer look at the experimental data for
e+e− → χc0ω, shown by the black dots in Fig. 3. There appears an immediate increase of the cross section when
the phase space opens. Although most of the data points still contain large errors those points located at the peak
position and down-slope of the peak have much smaller errors which dictate the peaking around 4.22 GeV. The cross
sections then seem to be vanishing around 4.35 GeV and flat away beyond 4.36 GeV. There are two challenges for
any model studies: (i) Whether the threshold peak can be reproduced? (ii) Whether the cross section magnitude can
be understood?
We take two steps to fit the experimental data taking into account that only one parameter is present in the
amplitude. Firstly, we fit the data in the peak region. Namely, we only fit the first 7 data points. A reduced χ2 is
found to be χ2/Nd.o.f = 13/7 ∼ 2 and the cross section is shown by the upper band in Fig. 3. We then fit all the
data simultaneously and the reduced χ2 becomes χ2/Nd.o.f = 3. The corresponding cross sections are presented by
the lower band in Fig. 3.
Comparing these two fits one can see that it is the data near threshold that determine the behavior of the fitted
cross sections and these two fitting results have reasonably described the threshold peaking. The fitted values of C
are 0.11 and 0.09 for the first 7 and all data points, respectively. With C < 1 it suggests that the product of the
central values for the coupling constants gY g1cω has overestimated the experimental data. Considering that the cross
section is proportional to (gY g1cω)
2, the overall uncertainty is about 30% and can be regarded as acceptable since it
5is still within the uncertainties of these couplings. On top of the uncertainties stemming from the coupling constants
we need to consider the theoretical uncertainty that is associated with the NREFT approach. But as estimated by
the approximate power counting for Fig. 2, the higher loop contributions to the uncertainties are much smaller than
the uncertainties from the coupling constants.
It should be noted that our calculations here only considered the molecular component for Y (4260) which is
dominant as shown in Ref. [24]. We neglected the possible direct contributions for the small cc¯ component coupling
to χc0ω. The empirical reason is that the cc¯ component of Y (4260) is small in our picture. If this component can
produce the threshold enhancement via the tree level coupling, one would also expect that there will be threshold
enhancement for e+e− → χc1,c2ω due to the HQSS. Since there is no obvious threshold enhancement present in these
two channels [28, 29], it is reasonable to neglect the possible direct coupling of the small cc¯ spin-1 component to the
final χc0ω. Taking into account that C < 1 has implied the dominance of the molecular component in the transition,
we regard the results are consistent with treating Y (4260) as the D¯D1 molecule.
One also notices that the data in Fig. 3 suggest that there are no obvious couplings of a conventional charmonium
state to χc0ω beyond the threshold region. This means that even for the conventional vector charmonium states the
couplings to the χc0ω are rather small due to HQSS. The molecular scenario, however, allows for a sizable coupling
to this final state through the loop mechanism.
In the D¯D1 molecular scenario, given that the locations of the χc1ω and χc2ω thresholds, 4.29 GeV and 4.34 GeV,
respectively, are much higher than the pole position of Y (4260), it suggests that the influence of Y (4260) in these two
channels will only be marginal which is consistent with the experimental observations [28, 29].
One cannot deny that the absence of structures beyond the Y (4260) mass may be caused by more complicated
coupled-channel interferences when more thresholds, i.e. the D¯D∗1 and D2D
∗ thresholds, and more charmonium states
can contribute. Detailed answer to this question should rely on more comprehensive calculations which, however, has
gone beyond the scope of this work. In the energy region close to the first narrow S-wave threshold D¯D1 the transition
mechanism can still be reasonably approximated by the single-channel problem.
It should also be pointed out that the cross section around the peak is about 50 pb which is the same order as
that for the J/ψππ channel, but nearly one order of magnitude smaller than that for the DD¯∗π + c.c. channel.
The interesting observation is that the D¯D1 molecular picture can easily understand the relatively suppressed cross
sections for the Y (4260) → J/ψππ and χc0ω channel due to the loop transitions, and the non-trivial lineshape for
DD¯∗π + c.c. as shown in Refs. [24, 25].
Our investigation of the cross section lineshape in Fig. 3 suggests that the cross sections for e+e− → χc0ω in the
threshold region is dominated by the production of Y (4260) as the D¯D1 molecule. Thus, we can estimate the partial
decay width for Y (4260)→ χc0ω via the triangle diagram. This yields
Γ(Y → χc0ω) = 1
3π
|~q|
mY
C2g21g2Y c2ωmχ|I0|2 (12)
In order to compare with the experimental measurement, we take into account the width effects of the Y (4260) to
extract the partial width. To do so, we calculate the partial width with the integration over the spectral function
Γ¯(Y (4260)→ χc0ω) = 1
W
∫ (mY +2ΓY )
(mY −2ΓY )
dE Γ(Y → χc0ω) 1
π
Im
( −1
E −mY + iΓY /2
)
(13)
where the normalization is defined as
W =
∫ (mY +2ΓY )
(mY −2ΓY )
dE
1
π
Im
( −1
E −mY + iΓY /2
)
. (14)
For an exclusive process the total width ΓY in the above equation is an input value. Notice that we use the results
from our model, mY = 4.22 GeV and ΓY = 0.075 GeV rather than the PDG values obtained from fits with Breit-
Wigner distributions. We find Γ¯(Y (4260)→ χc0ω) = (1.4 ± 0.3) MeV, compared to (1.2± 0.2) MeV without taking
the finite width into account. This is consistent with Ref. [24] where the partial width of 1.6 MeV was extracted
without finite width corrections. Compared to the dominant decay channel of Y (4260)→ DD¯∗π+ c.c. [24], the decay
channel Y (4260)→ χc0ω is suppressed by more than one order of magnitude.
When we compare our D¯D1 with the χc0ω molecular picture proposed by Ref. [17], we notice several crucial
differences for these two interpretations.
Firstly, the cross section magnitude of e+e− → DD¯∗π + c.c. needs to be measured precisely. Our D¯D1 molecular
scenario predicts a rather large cross section for e+e− → Y (4260) → DD¯∗π + c.c. and a non-trivial cross section
lineshape in the vicinity of Y (4260) which can be examined by forthcoming experimental measurements.
Secondly, the leptonic decay width for Y (4260) → e+e− is predicted very differently in these two scenarios. The
magnitude of the leptonic decay width determines how the strong decay widths sum up to the total width. Smaller
6leptonic decay width means that the strong decay widths will be relatively enhanced and vice versa. Because of this
the measurement of cross sections for various decay channels is useful for disentangling the transition mechanism by
comparing the relative strong decay strengths. In our model the dominant decay width is the DD¯∗π + c.c. channel
and the molecular nature of Y (4260) leads to a relatively small partial widths for other channels such as J/ψππ, hcππ
and χc0ω. Meanwhile, the resonance parameters cannot be fitted by a simple Breit-Wigner, and the extracted total
width of (73.9±4.5) MeV is smaller than the Breit-Wigner width of about 120 MeV. Thus, it allows the partial width
of Y (4260) → e+e− to be at the order of about 500 eV [24]. For the χc0ω molecule, the predicted leptonic decay
width is only about 23 eV [17]. This is because the partial widths for the J/ψππ and χc0ω channels have been fitted
to be large in order to account for the total width of about 100 MeV, and no contributions from the open charm
decay channel are included. We also mention that the LQCD also predicts a very small leptonic decay width of < 40
eV for a hybrid vector charmonium state [21]. Therefore, the experimental extraction of the leptonic decay width
for Y (4260) → e+e− is important for distinguishing the D1D molecule solution from the χc0ω molecule and hybrid
scenario.
Thirdly, these two scenarios should have different partial decay widths for Y (4260) → γX(3872). This quantity
was predicted to be sizeable in Ref. [26] as a consequence of the D¯D1 molecular scenario and confirmed by the BESIII
measurement [37]. In contrast, the χc0ω picture may also lead to a sizeable branching ratio to γJ/ψω via an internal
E1 transition of χc0 → γJ/ψ and then break up the bound system. But it is unlikely to have a sizeable coupling to
X(3872) since it is subleading effect for J/ψω scattering to generate X(3872).
IV. SUMMARY
In this work, we demonstrate that the experimental data for e+e− → χc0ω in the threshold energy region provide
important information for the underlying dynamics where the mysterious state Y (4260) can be explained as the
D¯D1(2420) + c.c. molecule. The rescatterings of the D¯D1(2420) + c.c. into the final state χc0ω explain the much
smaller cross sections for e+e− → χc0ω compared to the channel e+e− → DD¯∗π + c.c. although the latter has a
non-trivial cross section lineshape [24, 25]. We also emphasize that the observed peak position is located near the pole
mass for Y (4260) which has been studied in detail in Refs. [24, 25]. Thus, this new set of data can be accommodated
consistently in the molecular picture for Y (4260). We also note that the energy region near threshold involves much
less contributing mechanisms which is ideal for us to clarify the role played by the D¯D1(2420) + c.c. open charm. In
contrast, the experimental data show that the cross sections for e+e− → χc0ω flat out beyond 4.36 GeV. Whether it
is due to the interferences of multi-processes or absence of significant contributions from resonances, it needs further
elaborate coupled-channel studies in the future.
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Appendix A: Vector meson dominance
The derivation here is similar to one done by O’Connel et al. in [33]. We have the Lagrangian that couples light
vector mesons to a TH pair
LTHω = cω
2
〈
T ibH
†
a − T¯ ibH¯†a
〉
ωiab. (A1)
and the Lagrangian for the same pair coupling to a photon
LTHω = 1
2
〈
T ibH
†
a − T¯ ibH¯†a
〉
Ei
(
e
βQ
mQ
Q′ + eβqQab
)
. (A2)
7Here Ei is the electric field, Q is the light quark charge matrix and Q′ the heavy quark charge. Quantity βQ is related
to the Isgur-Wise function in the non-recoil approximation [35] and takes the ISGW value 0.584 from Ref. [36]. We
also take the value βq = 0.634± 0.034 GeV−1 the same as that in Ref. [35].
According to [33] the relation between the light current coupling βq and the coupling of the light vector mesons is
in general given by
∑
V
gV
1
q2 −m2V
em2V
fV
1
Eγ
= eq. (A3)
Applying this to the process D+1 → D+γ for small momenta q we find
− 1
3
√
2
3
βqe =
1√
3
cω
Eγ
(
e
fω
− e
fρ
)
(A4)
Using the values e/fρ = 6.12 × 10−2 and e/fω = 1.78 × 10−2 extracted from their dilepton decay widths we obtain
cω = 1.62± 0.01.
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